We studied changes in myofibrillar function and protein profiles after complete global ischemia with anoxia in rat hearts. Hearts were exposed to global ischemia and anoxia (CGI) In a few studies using coronary artery ligation, degradation of specific myofibrillar proteins was observed, although the identity of various protein fragments was uncertain.23 Evidence for changes in the composition and function of specific myofibrillar proteins has not been examined in globally ischemic rat hearts.
In a few studies using coronary artery ligation, degradation of specific myofibrillar proteins was observed, although the identity of various protein fragments was uncertain. 23 Evidence for changes in the composition and function of specific myofibrillar proteins has not been examined in globally ischemic rat hearts.
Myofibrillar proteins have been measured in human serum after an ischemic episode or myocardial infarction.4-6 Fragments of myosin heavy chains were detected in patients with acute myocardial infarctions, yet peak levels were not achieved until several days after infarction. 4 Although myosin release closely correlated with infarct size, it was not a good indicator for the onset of injury because of the lengthy time interval required before detection of elevated myosin.4 In contrast, the appearance of the myosin light chains (MLCs) in plasma correlated well with the onset and severity of acute myocardial infarction.7 Tropomyosin (Tm),5 troponin T (TnT), 6 and troponin I (TnI)8 also were detectable within hours after the onset of infarction. However, the correlation between serum Tm or TnT levels and infarct size has not been examined, 5, 6 and release of TnI did not always correlate well with infarct size. 8 Although the appearance of myofibrillar proteins in serum indicates that these proteins were degraded within the heart during myocardial ischemia, these studies provide little information about changes in myofibrillar proteins and their inherent function within the heart.
The purpose of our study was to characterize changes in myofibrillar function in hearts exposed to complete global ischemia and to determine whether specific components of the contractile apparatus are altered such that they change myofibrillar function. Myofibrillar function was assessed biochemically by assaying for Ca2'-dependent Mg2+-ATPase activity. Changes in myofilament components also were examined with emphasis on thin-filament regulatory proteins.
Materials and Methods Preparations
The autolysis model described by Jennings Protein isolation data, densitometer analyses, and phosphorylation measurements were compared using a oneway analysis of variance (ANOVA) followed by a Newman-Keuls post hoc test. A value ofp<0.05 was considered significant for all comparisons.
Results
The functional activity of myofibrils was assessed from maximum Ca2+-stimulated Mg2`-ATPase activity, the pCa50, and the Hill n. The pCa50 reflects myofibrillar Ca2' sensitivity; the Hill n is a measure of cooperative interactions among thin-filament proteins, either of which may be affected by ischemia. At pH 7.0 these values for myofibrils from 30-minute SC-treated or 60-minute SC-treated rat hearts were not significantly different from those of NIC rat hearts (data not shown). Thus, NIC and SC values for each incubation period (30 versus cause maximum ATPase, pCa50, and Hill n values
were not significantly different (data not shown). As reported previously by our laboratory,13 acidic pH caused a rightward shift in the pCa50 and increased the Hill n but had no effect on maximum ATPase activity in control myofibrils ( Figure 1A versus 1B, Figure 2A versus 2B). Acidic pH was also associated with a decrease in the pCa50 for activation of myofibrils from 30-minute CGI-treated ( Figure 1A versus 1B) and 60-minute CGI-treated ( Figure 2A versus 2B) hearts. This shift in pCa50 was similar to the shift observed in control myofibrils ( Figure 1A versus 1B, Figure 2A versus 2B). The Hill n also tended to increase in the 30-minute CGI-treated ( Figure 1B ) and 60-minute CGI-treated ( Figure 2B ) rat heart myofibrils incubated at pH 6. Figure 4B . Figure 6 ). Western blots for actin verified that actin was not degraded (Figure 7 ). Analysis with alkaline urea gels indicated TnC also was not degraded in myofibrils from 60-minute SC-treated or 60-minute CGI-treated hearts compared with NIC hearts (Figure 8 ). When myosin was separated by SDS gel electrophoresis and analyzed densitometrically, it also was not degraded in 60-minute CGItreated hearts ( Figure 9 ). Although proteolytic inhibitors present during the preparation of myofibrils did not affect the gel protein profile, nonspecific proteolysis could have occurred during CGI and could have given rise to the two new protein bands. Heat treatment (100°C) of isolated myofibrils indicated that very little nonspecific degradation of proteins occurred during CGI ( Figure 5 , Table 1 ). The profile of HC myofibrils on gels was similar to controls ( Figure 5) , with no reduction in TnI and only a small reduction in TnT. There were no significant proteins migrating with the same mobility as the two bands found in myofibrils from CGI-treated rat hearts.
Toyo-Oka and Ross3 suggested that degradative products of TnI, TnT, and TnC appeared on gels prepared from dog hearts exposed to ligation of the circumflex artery. However, they were unable to identify the new protein bands. To determine whether the two new protein bands appearing on our gels were proteolytic products of thin-filament proteins, we analyzed the preparations using immunoblots (Figures 10 and 11 bands were observed on Wester ( Figure 6 ). Protein band 1 (Table 1 with 60 minutes ( Figure 5A ) but CGI ( Figure 4A ) was identified as digestion on Western blots probed ( Figure 1OA ) and analyzed with dei lOB). This product was not appar samples. The second proteolytic (band 2, Table 1 ) was identified as a Tnl pAb (Figure 11 ). Autoradiography was done to determine whether phosphorylation of TnI and/or other myofibrillar proteins changes after exposure to CGI. Very little protein was phosphorylated in control preparations 0.054 0.080 100 incubated without cAMP-PKA ( Figure 12A ), which indicates that the majority of phosphorylation was due to the specific actions of cAMP-PKA. Our laboratory has previously identified the phosphory-0.049 0.081 100 lated proteins as C protein and TnI,21 and both proteins appear to be phosphorylated to the same extent in NIC and 60-minute SC-treated myofibrils ( Figure 12B) . A third small peak of phosphorylated protein also was present in both NIC and 60-minute SC-treated myofibrils as a result of autophosphoryVestem blot for actin. The results of the present study have shown evidence of thin-filament protein degradation ( Figure 5) despite an increased Ca2' sensitivity (pCaso) and cooperativity (Hill n, Figure 2 ) in myofibrils from rat hearts exposed to CGI. Continued loss of myofibrillar proteins would be expected to result in the diminished response of ATPase activity to Ca2' as described in prolonged coronary artery ligation models of ischemia.1,2 Loss of inherent myofibrillar function along with destruction of sarcoplasmic reticulum and sarcolemmal function may contribute to loss of myocardial function and the onset of cell death during the course of ischemia.
Myofibrillar function at pH 7.0 was only minimally affected in rat hearts exposed to 30 minutes of CGI. An increase in the pCa50 was observed after 30 minutes of CGI ( Figure 1A) , and the rightward shift in the pCa50 caused by acidic pH also was not altered h I.ES FIGURE 8. amino acid residues in rabbit skeletal muscle TnT. In addition, TnI32,34 and TnC3235 binding sites have been found in the carboxy terminus of skeletal TnT. Similar amino acid sequences are observed in rat cardiac36 and skeletal37 TnT, which suggests that similar binding sites exist in cardiac TnT. Loss of carboxy terminal amino acids during CGI could affect one or all of these binding sites and thus alter the Ca2+ sensitivity of the thin filament.
TnI was a second component that may have contributed to changes in myofibrillar function. The peptide identified as a proteolyzed TnI peptide (Figure 11 ) was apparently also observed with an autolysis model28 and with coronary artery ligation3 in dog hearts. The peptide released from TnI during ischemia retained some substrate activity for phosphorylation by cAMP-PKA ( Figure 12 ). In contrast, ,-adrenergic-stimulated TnI phosphorylation decreased in isolated, perfused rat hearts made ischemic for 60 minutes,38 and reperfusion of the same preparation resulted in complete loss of ,B-adrenergic-mediated TnI phosphorylation. Although Bartel et a138 did not observe a TnI peptide fragment similar to one described in the present study, perfusion was performed during the interval of ischemia, which may have resulted in washout of the TnI fragment and a subsequent reduction in cAMP-dependent phosphorylation of TnI. Since the preferred site for cAMP-mediated phosphorylation is near the N-terminus of TnI,39,40 the fragment of TnI observed in our gels may include the N-terminus of Tnl ( Figure  11 ). In addition, the enhanced Hill n and increased pCa50 observed in ischemic preparations indicate that the TnI sequence known to inhibit actomyosin ATPase activity (residues 130-150) was most likely not cleaved during ischemia. More specific insight into the amino acids cleaved from Tnl and TnT during CGI and the contribution made to changes in myofibrillar ATPase Ca sensitivity and cooperativity require further study.
In conclusion, our investigation found that myofibrillar proteins were already being degraded during CGI, although myofibrillar function was only minimally affected. Reduced contractility early on in ischemia cannot be attributed to loss of myofibrillar protein degradation, but it may have important functional consequences during more prolonged ischemia or during recovery from an ischemic episode.
